The purpose of the study is to observe the relation between anthropometric measurements, focusing on sagittal abdominal diameter (SAD), and insulin sensitivity indices in Chinese hypertensive patients and their siblings. In total, 907 participants, 537 hypertensive and 370 nonhypertensive, from 311 Taiwanese families were drawn from the Stanford Asia and Pacific Program for Hypertension and Insulin Resistance for the study. The participants received anthropometric measurements and 75-g oral glucose tolerance tests after an overnight fast. Fasting insulin, homeostasis model assessment for insulin resistance (HOMA-IR), and the insulin sensitivity index ISI 0,120 were chosen as surrogate measures of insulin sensitivity. In addition to Pearson and partial correlations, we used generalized estimating equations (GEEs) to examine the association between anthropometric measurements and insulin sensitivity indices. A small deviance in the GEEs indicates the goodness of model fit, irrespective of the independence among variables. The hypertensive patients were older in age, wider in waist circumference (WC), larger in body mass index (BMI) and SAD, and more insulin resistant than the nonhypertensive counterparts. The logarithmic transformation of fasting insulin, HOMA-IR, and ISI 0,120 significantly correlated with SAD, WC, and BMI before and after adjustments for age and sex. The deviances of SAD in the GEEs were similar to those of WC in all subjects, while BMI had smaller deviances than SAD and WC in the hypertensive patients. Our results suggest that the performance of SAD in predicting insulin sensitivity is comparable with WC in Chinese hypertensive patients and their siblings. BMI, however, seems to have better association with insulin sensitivity than SAD and WC in the patients with hypertension.
Introduction
The investigations by Ferrannini et al 1 have revealed a direct correlation between insulin resistance and hypertension. Insulin resistance has been proposed to be the key metabolic abnormality linked to hypertension. 2 However, not all hypertensive patients have insulin resistance. In a Swedish study using euglycemic hyperinsulinaemic clamps to assess insulin sensitivity, only about 25% hypertensive subjects were found to be insulin resistant. 3 Grundy 4 suggested that a wider waist circumference (WC) might be a guide to identify subjects susceptible to insulin resistance. Nevertheless, the reliability of WC measurements in overweight subjects has been questioned, 5 and considerable variation in WC was observed among different populations. 6 Sagittal abdominal diameter (SAD) has been proposed to be an alternative of WC as a surrogate of body fat distribution. 7 It is highly correlated with visceral fat 8 and is significantly related to fasting glucose and insulin 9, 10 and other cardiovascular risk factors 7, 9, 10 in Caucasians. In the current study, we hypothesize that SAD is associated with insulin sensitivity in hypertensive patients and their siblings at least as well as WC. The Stanford Asia and Pacific Program for Hypertension and Insulin Resistance (SAPPHIRe) is a multicentre family study of hypertension in Chinese and Japanese populations. In order to make a more homogenous study population, we select only Chinese participants from Taiwan for the analysis. To the best of our knowledge, the present study is the first report of SAD data from a large Chinese population.
Methods

Subjects
The study is a part of SAPPHIRe, a multicentre effort to recruit concordant (both sibs with hypertension) and discordant (one hypertensive and one with lower blood pressure) sib pairs for mapping the major genetic loci of intermediate phenotypes of hypertension in Chinese and Japanese. The study population has been reported previously. 11 Only Chinese participants from Taiwan were included in the analysis. The Taiwan field centre in the SAPPHIRe consists of three major hospitals in Taipei and one in Taichung. The major sources of Taiwan subjects are the Cardiology and the Endocrinology Clinics in these teaching hospitals. The hypertensive probands were between 35 and 60 years old. They had stage II hypertension but no other health problems. 12 To obtain discordant sib pairs for the study, the 30th percentile of age-and sexspecific blood pressure (BP) distribution in Taiwan was used as the cutoff to define low BP sibs of the hypertensive proband. 13 In some families, sibs found in the examination do not meet the criteria for hypertension or low BP were also recruited as control subjects for the family study. All participants with known diabetes or fasting plasma glucose higher than 7 mmol/l were excluded from the study. Subjects with body mass index (BMI) greater than 35 kg/m 2 were excluded as well. The Institutional Review Board from each centre approved the study protocol and each participant gave signed informed consent before entering the study.
Anthropometric measurements
The participants received anthropometric measurements at 8 am after 8-10 h overnight fast without wearing shoes and heavy clothes. Body weight (BW) was measured to the nearest 0.1 kg (DETECTO, Cardinal Scale Manufacturing Co., Webb City, MO, USA). Body height (BH) was measured to the nearest millimetre by stadiometers (by courtesy of the Pharmacia Taiwan Inc., Taipei, Taiwan). BMI was calculated as BW divided by BH 2 (kg/m 2 ). The participants were asked to remove any restrictive undergarments, if any, for the measurement of girth.
Hip circumference was measured while the participant was standing erect, with arms hanging loosely at the sides, weight equally distributed on both feet, and with head facing straight ahead. An anthropometric tape (kp-1508, King Life, Taipei, Taiwan) was applied at the level of the maximal protrusion of the gluteal muscles over the underwear and the measurement of hip circumference was recorded to the nearest millimetre. WC was measured at the level of umbilicus to the nearest millimetre after expiration while the participant breathed quietly. Waist-to-hip ratio (W/H) was calculated by WC divided by hip circumference. SAD was measured with a portable, sliding-beam, abdominal caliper (Holtain Ltd, Dyfed, Wales, UK) at the level of iliac crests while the subject was in a supine position, knees extended.
14 The participants were asked to inhale and exhale gently, and the upper arm of the caliper was brought down to touch but not to compress the abdominal wall. The caliper shaft was confirmed to be vertical by the position of the bubble. The measurements of SAD were taken at the end of expiration.
Oral glucose tolerance test (OGTT)
Each subject was subjected to a 75-g OGTT after the anthropometric measurements. Fasting blood samples were collected for the measurements of plasma glucose (PG) and insulin. Then, 75-g glucose monohydrate (in 300 ml water) was administered to the subject to drink over 5 min. Blood samples were taken for PG and insulin 120 min after glucose loading. The patients were not allowed to eat or drink until the end of the test. PG and insulin were measured by previously described methods. 15 
Statistical analysis
The following were chosen as surrogate indices of insulin sensitivity: fasting insulin, homeostasis model assessment for insulin resistance (HOMA-IR) calculated by the simplified formula, (fasting PG Â fasting insulin)/22.5, 16 and the insulin sensitivity index ISI 0,120 derived from a formula reported by Gutt et al 17 using both fasting and 2-h glucose and insulin levels. There is a substantial skewing of W/H, fasting insulin, HOMA-IR, and ISI 0,120 values. Logarithmic transformation (Log) was applied to subordinate the skewness of these values for the analysis. Data are expressed as mean 7 s.d. Twosample t-tests were used to compare the differences between the hypertensive and nonhypertensive subjects. Pearson and partial correlation were used to test the correlations between anthropometric measurements and insulin-sensitivity indices. Since we recruited the participants from the family of the hypertensive probands, the data may lack independence among observations. We used generalized estimating equations (GEEs) as an alternative statistical approach to further verify the above correlations, irrespective of the independence among variables. 18 The models of the GEEs included each of the surrogate indices of insulin sensitivity as the dependent variable, and each of the anthropometric measurements as the independent variable with adjustments of covariates (age and gender). We used the SAS PROC GENMOD procedure (Version 8.1, SAS Institute Inc., Gary, NC, USA) to fit the models of GEEs. Estimates and deviances are obtained from the results of modelling. A small deviance indicates the goodness of model fit. 18 The level of significance chosen was 0.05.
Results
In total, 907 subjects (537 hypertensive and 370 nonhypertensive) from 311 Taiwanese families were drawn from the SAPPHIRe for the current analysis. Among them, 399 hypertensive participants were taking at least one antihypertensive medication, 138 hypertensive probands were without medication, 303 subjects had BP lower than the 30th percentile value of the corresponding age and sex BP distribution, and 67 had BP above the 30th percentile but below cut points of hypertension. The hypertensive participants, both men and women, were older in age, heavier in BW, wider in WC and larger in SAD and BMI than the nonhypertensive counterparts (Table 1) . Although subjects with frank diabetes were ruled out by the recruitment criteria, the hypertensive patients still had higher 2-h PG levels as compared with the nonhypertensive participants ( Table 2 ). The hypertensive subjects were less insulin sensitive (indicated by lower values of Log ISI 0,120 ) and more insulin resistant (by higher values of Log fasting insulin and Log HOMA-IR) than the nonhypertensive (Table 2) . Tables 3 and 4 show the results of Pearson and partial correlation. The abdominal obesity indices (SAD, WC and Log W/H) positively correlated with Log fasting insulin and Log HOMA-IR, before and after adjustments for gender and age, in subjects with or without hypertension. SAD and WC negatively correlated with Log ISI 0,120 in all participants before and after the adjustments. However, Log W/H was less associated with insulin sensitivity indices than SAD and WC. Its correlation with Log ISI 0,120 could only be demonstrated after the adjustments for sex and age. On the other hand, BMI and BW, as indices of overall obesity, closely correlated with all insulin-sensitivity surrogates, before and after the adjustments. In hypertensive patients, BMI seems to have better association with insulin sensitivity Results from the analyses of GEEs affirm the above association in these participants, irrespective to the independences among variables (Table 5 ). SAD and WC showed smaller deviances than Log W/H in both hypertensive and nonhypertensive subjects. The deviances of BMI were even smaller than both SAD and WC in our hypertensive population.
Discussion
Hypertension often clusters with insulin resistance, obesity and dyslipidemia in what is called the insulin resistance syndrome. 2 In the Framingham Offspring Study, Meigs et al used factor analysis to analyse the relation among components of the syndrome. They identified that hypertension was linked to hyperinsulinaemia by obesity. 19 Results from previous studies demonstrated that insulin sensitivity was negatively correlated with obesity in hypertensive patients 3, 20 and their family. 21 In the present study, we intend to examine the relations between several anthropometric measures of obesity and insulin sensitivity in Chinese hypertensive patients and their siblings. Our data show that SAD is comparable with WC in association with insulin sensitivity in these subjects. However, the performance of both SAD and WC in predicting insulin sensitivity in hypertension is not better than BMI.
Gustat et al compared the correlations between obesity measurements and fasting insulin levels in the Bogalusa Heart Study. They found that SAD was highly correlated with WC (r ¼ 0.94, Po0.001) and the correlations with insulin were similar for SAD and WC. Nevertheless, SAD and WC showed higher correlations with insulin than W/H in these young healthy adults. 9 In our study, the Pearson correlation coefficient between SAD and WC was 0.69 (Po0.0001). SAD, along the trends of WC, showed significant correlations with insulin sensitivity indices (Tables 3 and 4 ). The deviances of SAD in the GEEs were almost the same to those of WC and smaller than W/H (Table 5) . Our results are concordant with Gustat's. We verified that SAD correlated with insulin sensitivity as good as WC did in hypertensive patients and their siblings. To the best of our knowledge, SAD as an alternative for WC with regard to insulin sensitivity has never been tested in a large Chinese population. Our data may Table 2 SAD and insulin sensitivity C-M Hwu et al provide a platform for the studies of abdominal obesity and insulin resistance in Chinese. Kohrt et al reported that W/H was not significantly correlated with insulin action in men and only accounted for 20% variance of insulin sensitivity in women. 22 In the present study, we also challenged the predictive power of W/H for insulin sensitivity. Neverthless, in hypertensive or nonhypertensive participants, the performance of W/H in correlations with insulin sensitivity was the worst among the measures of abdominal obesity in the study. While WC measures predominantly abdominal fat, hip circumference reflects many different aspects of body size, such as body frame, muscle and subcutaneous fat. When the two measures were combined as W/H, the capacity to stand for the amount of abdominal fat was diminished 6 and the association with insulin action may be weakened. These results highlight the fact that W/H is not an adequate proxy measure to study the relation between abdominal obesity and insulin resistance.
In the current study, we demonstrated that BMI had stronger correlations with insulin resistance in hypertension than SAD or WC. In earlier studies, Lind et al 3 and another research group 20 also reported that BMI explained about 30% variance of insulin sensitivity while W/H only accounted for 10-20% variance in patients with hypertension. Many investigators have found that insulin resistance in hypertension primarily involves skeletal muscle. 23, 24 Since BMI represents both fat mass and fat-free mass (mainly muscle) of the body, the above findings are not beyond expectation.
In conclusion, we report for the first time SAD data from a large Chinese population. The results suggest that SAD as well as WC should predict insulin sensitivity better than W/H in hypertensive patients and their siblings. However, the performance of BMI in association with insulin sensitivity in hypertension seems to be better than SAD and WC.
